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The RCA COS/MOS Phase- Locked- Loop 
A Versatile Building Block for Micro 
Digital and Analog Applications 



INTRODUCTION 

Phase -locked- 1 oops (PLL's). especially in monolithic 
form, are finding significantly increased usage in signal- 
processing and digital systems- FM demodulation, FSK 
demodulation, tone decoding, frequency multiplication, 
signal conditioning, clock synchronization, and frequency 
synthesis are some of the many applications of a PLL The 
PLL described in this Note is the COS/MOS CD4046A, 
which consumes only 600 microwatts of power at 10 kHz, a 
reduction in power consumption of 1 60 times when 
compared to the 100 milliwatts required by similar mono- 
lithic bipolar PLL's. This power reduction has particular 
significance for portable battery-operated equipment This 
Note discusses the basic fundamentals of phase-locked-loops. 
and presents a detailed technical description of the COS/ 
MOS PLL as well as some of its a\ 




REVIEW OF PLL FUNDAMENTALS 

The basic phase-locked-loop system is shown in Fig. I , u 
consists Of three parls: phase comparator, low-pass filter, and 
voltage-controlled oscillator (VCO); all are connected lo 
form a closed-loop frequency- feedback system. 

With no signal input applied to rhe PLL system, the error 
voltage at the output of the phase comparator is zero. The 
voltage, Vd(t>. from the low-pass filler is also zero, which 
causes the VCO to operate at a set frequency, fo, called the 
center frequency. When an input signal is applied to the PL.L, 
the phase comparator compares the phase and frequency of 
the signal input with the VCO frequency and generates an 




Fig t— Block 



difference of the input signal and the VCO. The error 
voltage, Ve(i). is filtered and applied to the control input of 
the VCO. Vd(t) varies in a direction that reduces the 
frequency difference between the VCO and signal-input 
frequency. When the input frequency is sufficiently close to 
the VCO frequency, the closed-loop nature of the PLL forces 
the VCO to lock in frequency with the signal input; i.e., 
when the PLL is in lock, the VCO frequency is identical to 
the signal input except for a finite phase difference The 
range of frequencies over which the PLL can maintain this 
locked condition is defined as the lock range of the system. 
The lock range is always larger than (he band of frequencies 
over which the PLL can acquire a locked condition with the 
signal input This latter band of frequencies is defined as the 
pe of the PLL system. 



TECHNICAL DESCRIPTION OF COS/MOS PLL 

Fig 2 shows a block diagram of the COS/MOS 
CD4046A. which has been implemented on a single 
monolithic integrated circuit. The PLL structure consists of a 
low-power, linear, voltage-controlled oscillator (VCO), and 
two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2-volt 
zener is provided fot supply regulation if necessary. The VCO 
can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. 
The low-pass filter is implemented through external parts 
because of the radical configuration changes from application 
to application and because some of the components are 
non-integrable. The CD4046A is supplied in a 16-!ead, 
dual-in-line, ceramic package (CD4046AD); a 16-lrad. dual- 
in-lme. plastic package < CD4U46AF). or a 16-lead fiat-pack 
(CD4046AK). It is also available in chip form (CD4046AH). 



One characteristic of this type of phase comparator is 
that it may lock onto input frequencies that are close to 
harmonics of the VCO center-frequency. A second charac- 
teristic is that the phase angle between the signal and the 
comparator input varies between 0° and 1 80°, and is °0° st 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-to-output, response characteristic of phase-comparator 
I. Typical waveforms for a COS/MOS phase-locked -loop 
employing phase -comparator I in locked condition of f D « 
shown in Fig. 5. 



Fig. 2- COS/MOS PLL block diagram. 



Ptiaw Comparators 

Most PLL systems utilize a balanced mixer composed of 
well-controlled analog amplifiers for the phase-comparator 
section. Analog amplifiers wilh well-controlled gain charac- 
teristics cannot easily be realized using COS/MOS tech- 
nology. Hence, the COS/MOS design shown in Fig 3 
employs digital-type phase comparators. Boili phase com- 
parators are driven by a common-input amplifier configura- 
tion composed of a bias stage and four inver ling-amplifier 
stages. The phase -com para tor signal input (terminal 14) can 
be direct -coupled provided ihe signal swing is within 
COS/MOS logic levels |Iogic 0< 30% (VDD-VSM. logic 
l>70* (VDD-VSS)I. For smaller input signal swings, 
the signal must he capacilivel} coupled to \W -.ell hiding 
amplifier at the signal input to insure an over-driven digital 



is an exclusive-OR network; it 
operates anatagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre- 
quencies must have 50-peicent duty cycle. With DO signal 
or noise on the signal input, (his phase comparator has 




Fig 3- Schematic of COS/MOS PLL phase comparator 
lection. 

an average output voltage equal (o VDD/2. The low-pass 
filler connected to the output of phase-comparator I supplies 
the averaged voltage to the VCO input, and causes the VCO 

to oscillate at (he center frequency (f ). With phase-com- 
parator I. the range of frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-filter 
characteristics, and can be made as large as the lock range. 
Phase -comparator I enables a PLL system to remain in lock in 
spile of high amounts of noise in the input signal. 
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Fig. 5- Typical waveforms for COS/MOS phase- 
locked loop employing phase-comparator I 
in locked condition of f q. 



Phase-comparator II is an edge-controlled digital inemor) 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p and n drivers 
having a common output node as shown in Fig. 3. When t tie 
p MOS or n MOS drivers are ON. they pull the output up to 
V[) D or down to V55.. respectively. This type of phase 
comparator acts only on the positive edges of the signal- 
and comparator-input signals. The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type oi 
comparator. If the signal-input liequency is higher than tin 
comparator-input frequency, the p-MOS output driver u 
maintained ON continuously If the signal-input frequency I 
lower than the compataior-input frequency, the n-MO' 
output driver is maintained ON continuously. If the signj 
and comparator -input frequencies are the same, but ih' 
signal input lags the comparator input in phase, the n-MO v 
output driver is maintained ON for a time corresponding tn th 
phase difference. If the signal- and comparator-input frr 
quencies are the same, but the signal input leads the com 
parator input in phase, the p-MOS output driver is maintain* 
ON for time corresponding to the phase difference. Sub 
sequently. (he capacitor voltage of the low-pass filter con 
nected to this type of phase compara(or is adjusted until th- 
signal and comparator input are equal in both phase and frt 
quency. At this stable operating point, both p- and n-MO 
output drivers remain OFF, and thus the phase -com pa rai 
output becomes an open circuit and holds the voltage on 1 h- 
capacitor of the low-pass fitter constant. Moreover, the sign, 
at the "phase pulses" output is at a high level, and can be u*e; 
for indicating a locked condition. Thus, for phase -com pa rat' 
II. no phase difference exists between signal and comparai 
input over Ihe full VCO frequency range. Moreover, the pov.< 
dissipation due to the low-pass filter is reduced when il 
type of phase comparator is used because bolh the p- and ■ 
MOS output drivers are OFF for most of the signal-mp 
cycle'. It should be noted ihat ihe PLL lock r.inge for thi- 
type of phase comparator is equal to the capture range- 
independent of the low-pass filter. With no signal preseni .< 
ihe signal input, the VCO is adjusted to its lowest frequent 
lor phase-comparaior II Fig. 6 shows typical waveforms foi 
a COS/MOS PLL employing phase-comparaior II in a lockcl 
condition. 
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f/0.6 - Typical waveforms for COS/MOS phase locked loop 
employing phase-comparator II in locked condition. 

Fig. 7 shows the state diagram for phase-comparator II: 
each circle represents a state of the comparator The number 
at the top inside each circle represents the state of the 
comparator, while the logic state of the signal and 
comparator inputs, represented by a or a I, are given by 
the left and right numbers, respectively, at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input (1) or the 
comparator input (C). A positive transition and a negative 
transition are shown by an arrow pointing up or down, 
respectively. The slate diagram assumes that only one 
transition on either the signal input or the comparator input 
occurs at any instant. States 3, 5. °. and I I represent the 
condition at the output ot phase-comparator II when the 
p-MOS driver is ON. while stales 2, 4, 10, and 12 determine 
the condition when the n-MOS driver is ON. Slates 1, 6, 7, 
and 8 represent the condition when the output of phase- 
comparator II is in its high impedance state; i.e.. both p- and 
n-devices are OFF. and the phase-pulses output (terminal 1 ) 
is high. The condition at the phase-putses output for alt other 
states is tow. 

As an example of how one may use the slate diagram 
shown in Fig. 7. consider (he operation of phase-comparator 
II in the locked condition shown in Fig. 6. The waveforms 
shown in Fig. 6 are broken up into three sections section I 
corresponds to the condition in which the signal input leads 
the comparator input in phase, while section II corresponds 
to a finite phase difference. Section 111 depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the COS/MOS PLL; i.e.. both signal- and comparator-input 
signals are of the same frequency but differ slightly in phase 
Assume that both the signal inputs begin in the state, and 
that phase-comparator II is initially in its high-impedance 
output condition (state I), as shown in Figs. 7 and 6. 
respectively The signal input makes a positive transition 
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Fig 7- State diagram of phase-comparator II. 
first, which brings phase-comparator II to state S. State 3 
corresponds to the condition of the comparator in which the 
signal input is a I. the comparator input is a 0, and the 
output p-device is ON. The comparator input goes high next, 
while ilie signal input is high, thus bringing the comparator 
lo state 6. a high-impedance output condition The signal 
input goes to zero next, whde the comparator input is high, 
which corresponds to state 7. The comparator input goes low 
next, bringing phase-cumpaiator 11 back lo state 1 . As shown 
for section I, the p-device stays on for a lime corresponding to 
the phase difference between the signal input and the 
comparator input. Starting in state I at the beginning of 
net ion III. the comparator input goes high first, while the 
signal input is low. bringing the comparator to state 2. 



Following the example given for section 1, the comparator 
proceeds from slate 2 to states 6 and 8 and then back to I. 
The output of phase-comparator II for section III corres- 
ponds to the n-device being on for a time corresponding to the 
phase difference between the signal and comparator inputs. 

The stale diagtam of phase-comparator II completely 
describes all modes of operation of the comparator for any 
input condition in a phase -locked -loop. 



Voltage-Controlled Otcillator 

Fig. 8 shows the schematic diagram of the voltage- 
controlled oscillator (VCO). To assure tow system-power 
dissipation, it is desirable that the low-pass filler consume 
little power For example, in an RC filter, this requirement 
dictates that a high-value R and a low-value C be utilized. 
The VCO input must not, however, load down or modify the 
characteristics of the low-pass filler. Since the VCO design 
shown utilizes an n-MOS mpul configuration having prac- 
tically infinite input resistance, a great degiee ol freedom is 
allowed in selection of the low-pass filter component*- 

The VCO circuit shown in Fig. 8 operates as follows: 
when the inhibit input is low, P|| is lurried full ON, 
effectively connecting the sources ol Pi and lo Vrjij.and 
gates I and 2 are permitted to function as NOR-gaie 
flip-flops. Nl together with external-resistor Rl form a 
source-follower configuration. As long as the resistance of R I 
is at least an order of magnitude greater than ON resistance 
of N| (greater than 10 kilohms). the current through Rl is 
linearly dependent on the VCO input voltage. This cuireni 
flows through P[. which, together with P2. forms a 
current-mirror network, txtcrnal resistor R2 adds an 
additional constant current llnough PI. tins current offsets 
the VCO opeiatmg frequency for VCO input signals of 
volts. In the current mirror network, the current of P2 is 
effectively equal to the current through PI independent of 
the drain voltage at P2. (Tins condition is Hue provided P2 is 
maintained in saturation: in the circuit shown. P* is saturated 
under all possible operating conditions and modes). The 
set/reset flip-flop composed of gates 1 and 2 turns ON either 
P4 and N3. or P5 and N2 One side of the external capacitor 
CI is. therefore, held at ground, while the other side is 
charged by the constant current supplied by P2 As soon as 
CI charges to the point at which the transfer pomi of 
inverteis I or 5 is reached, the flip-flop changes state. The 




Fig. 8- Schematic of COS/MOS VCO section. 

charged side of the capacitor is now pulled to ground. The 
other side of the capacitor goes negative, and discharges 
rapidly through the dram diode of the OFF n-devare 
Subsequently, a new half-cycle starts. Since inverteis t and 5 
have the same transfer points, the VCO has a 50-percent 
duty-cycle. Inverters I through 4 and 5 through 8 serve 
several purposes: (1) ihey shape the slow-input ramp from 
capacitor CI to a fast waveform at the flip-flop input stage. 
(2) they maintain low power dissipation through the use of 
high-impedance devices at inverters I and 5 (slow-input 
wave-forms), and (.() they provide lorn inverter delays before 
removal of Ihc set/reset llip-flop triggering pulse ui assuie 
proper toggling action 



In order not to load I he low pass tiller, a souru 
oupul ol [lie VCO input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kilohms or more should be connected from this terminal lo 
ground. If unused, this terminal should be lefi open A logic 
on the inhibit input enables the VCO and the source 
follower, while a logic 1 lurns oil both to minimize stand-by 
power consumption. 

Performance Summary of COS/MOS PLL 

l lic maximum ratings lor the ( D404(>A COS/MOS PLL. 
as well as us general operating -performance characteristics 
are outlined in Table I The VCO and comparator 
chjraclensiics arc shown in Tables II and III, respectively 
Table IV summarizes some useful formulas as a guide for 
approximating the values of external components for the 
( D4046A in a phase-lucked-loop system When using Table IV. 
one should keep in mind thai frequency values are in 
kilohertz. resistance values are in kilohms. and capacitance 
values are in microfarads. The selected external component 
must he within i lie following ranges 

luK!KR|.Ri.Rj< I Mii 
C| > 100 pF al V DD > 5 V 
C, > 50 pF at V DD > 10 V 
In addition to the given design information, refer lo Fig. *> 
for R,.R : .and C| eomponeni selections. The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli- 
cations is discussed below. 

APPLICATIONS OF THE COS/MOS PLL 
The COS/MOS phase -locked- loop is a versatile building 
block suitable for a wide variety of applications, such as FM 
demodulator, frequency sy.ithcsj/cis split-phase dala 
synchionizalion and decoding, and phase-locked-loop lock 
detection. 
FM Demodulation 

When a phase -locked -loop is locked on an FM signal, the 
voltage-controlled oscillalor (VCO) tracks the instantaneous 
frequency of that signal The VCO input voltage, winch is the 
filtered error voltage from the phase detector, corresponds lo 
(he demodulated output Fig. I 1 shows the connections for 
the COS/MOS CD4046A PLL as an FM demodulator For 
this example, an FM signal consisting of a 10-kilohertz carrier 
frequency was modulaled by a 400-Hz audio signal The total 
FM signal amplitude is 500 millivolts, therefore the signal 
must be ac coupled to the signal input (terminal 14). 



MAXIMUM RATINGS. Absolute M.,*„,n,., Mum 



65° C it • IM 

55*C to • 1 75 
*0'C lo 

-0 5 V to • 16 
TOO 



Sloi.H)* I Hangr 
OperdOng Trmperatuie Range 

Cnamc Package Types 

Plastic Package Types 
DC Supply Volt*)* Range 

,V DD V SS' 
Dev.Le Diii.panon iPet Pk 9 I 

All Input! 

Recommended 

DC Supply VoMage IV 0D V ss « 5 i.. 15 ) 

Recommended 
lnp ul Voiiage Sw.ng v DfJ i w V $s 

General Character.sncs (Typical Values at V DD - V ss 
- 10 Vand T A = 25'CI 

Opc.at.ng Supply voltage (V D0 - V^i (, ,,, |fj , 

Opf.di.ng Supply Ct»re»l 

lnfl.b-1 - ' " 'OkH/ V Q0 - 6V TO^W 

*>C, -0 0001 „f 

R.-IMfl 'O- l"*H/V Dn .lUv 600„rt 
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Table H- VCO electrical character iitics 

VCO Characteristics (Typical Values at V D0 - V ss 
= 10 V and T A = 25 CI 



Miiimum Frequency 
Temperature Slab-lily 
L.r.»,ry 'V VCO ,o 5 V - 25 VI 
Cert in Frequency 

Frequency Rang* 



r>>og<amnubt> w.lh 

R, andC, 

P' oqi jmmdblf yyith 



10 v p 
50% 



Input Resistance 

Output J, 

Duly Cycle 
R.w a> F*i limn 

Oulpul Current 

T0m*^ -95v 

- Smk & V Q 05 V 
Demodulated Output 
OMm-i Vnlijge 

lv VCOm v OEMODou. ltoM -A 1 5V 



Table ill -C 

Comparator Characteristics ITypical Values at V QD - V ss 
= 10 V and T^ - 25°C) 



S. 9 n, 



Input Seoi,|,»,t v 



.1) 0' * 30k IV n 



OoltHJI Current CaiMtHl.IV 

Comparator I (tsrm. 2) and Comparator II harm. 131: 



t O..* (g> Vq 95 V 
0" Sink w V Q 5V 



f Drr 
0" S.ni 



It Pulses llfir 

9 5 V 



- 1.8 mA 
2.6 mA 



-0.5 mA 
1.4 mA 



Phase-comparator I is used I'm this application because a PLL 
system with a center frequency equal to the FM carnei 
frequency is needed. Phase comparator I lends itself to this 
application also because of its high signal-input-noise- 
rejection characteristics. 

The torrnulas shown in Table IV fot phase-comparator I 
with Ri c ™arc used in ihe following considerations. The 
center frequency of ihe VCO is designed lo be equal to the 
carrier frequency. 10 kHz. The value of capacitor Cr . 500 pF, 
was found by assuming an R ] = 1 00 KJI for a supply voltage 
V DD =5volts. 

These values determined the center frequency: 
fo= iOltHz 

The PLL was set for a capture-range of 



2* VR^C 



* tO 4 kHz 



to allow for the deviation of the carrier fi 
audio signal. The components shown in Fig. 10 for the 
low-pass filter (R3 = 100kn.C2 = 0.l uF) determine the 
above capture frequency. 

The total current drain al a supply voltage of 5 volls for 
this FM-demodulalor application is 1 32 microamperes for a 4 
dB S/N-tatio on the signal input, and 90 microamperes for a 
lOdB S/N ratio. The power consumption decreases because 
the signal-input amplifier goes into saturation at higher input 
levels. 




VCO TIMING C*P*Cir H ICI1--F 

WCS ■: 

Fig. 91,1- Typicel center frequency w. C, for 
It,- 10 Ka, 100 KU, end I Mil 



Fig. 9{bl- Typicel frequency offset vs. C , for 
R 2 - 10 Kil, 100 KSl, end 1 MSI 
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Fig. 10- FM demodulator. 

Fig. II shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB S/N-raiio. The demodulated 
output is taken off the VCO-input source follower using a 
resistor Rs (R s = lOOkQVThe demodulation gam for this 
circuit is 250 mV/kHz. 
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10 V/lff 
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vco Output 



Fig. 11- \ 



The PLL system can function as a frequency-selective 
frequency multiplier by inserting a frequency divider into the 
feedback loop between the VCO output and the comparator 
input. Fig. 12 shows a COS/MOS low-frequency synthesizer 
with a programmable divider consisting of three decades. N. 
the frequency -divide i modulus, can vary from 3 to 999 in 
steps of I, When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 

f-NX 1 kHz 

Therefore, the frequency range of this synthesizer is 3 to 999 
kHz tn 1-kHz increments, which is programmable by the 
swiich position of the Divjde-by-N counter. 




Fig. 12- Low-frequency synthesizer with three- 
decade programme 



Phase -comparator II is used for this application because it 
will not lock on harmonics of the signal-input reference 
frequency ( phase-comparator I does lock on harmonics). 
Since the duty cycle of the output of the Divide-by-N 
frequency divider is not 50 percent, phase-comparator II 
lends itself directly to this application. 

Using the formulas for phase-comparator II shown in 
Table IV, the VCO is set up to cover a range of to I I MHz. 
The low-pass filter for this application is a two-pole, lag-lead 
filter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the VCO 
control voltage is overdamped, while the transient to 903 
kHz is underdamped. This condition could be improved by 
changing the value of R3 in the low-pass filter by means ol 
adjustment of the switch -posit ion hundreds in the Divide- 
by-N c 



m 



VCO 

CONTROL 
VOLTAGE 



Fig. 13- Frequency-synthesizer waveforms. 



ta Synchronization and Decoding 

Fig. 14 shows another application of COS/MOS PLL, 
split -phase daia synchronization and decoding A split- 
phase data signal consists of a series of binary digits ihai 
occur at a periodic rate, as shown in waveform A in Fig. 14. 
The weight of each bit, or 1, is random, but the duration of 
each bit. and therefore the periodic bit-rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit rate. This clock signal must be derived from the 
incoming data signal. Phase-lock techniques can be utilized 10 
recover the clock and the data. Timing information is 
contained in the data transitions, which can be positive or 
negative in direction, but both polarities have the same 
meaning for timing recovery. The phase of the signal 
determines the binary bit weight. A binary or 1 is a positive 
or negative transition, respectively, during a bit i 
spin-phase data signals. 




clock ® 

® lit li 1 t 
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Fig. 14- 



As shown in Fig. 14. the split-phase data-input (A) is first 
differentiated to mark the locations of the data transitions 
The differentiated signal, (B), which is twice the bit rate, is 
gated into the COS/MOS PLL. Phase -comparator II in the 
PLL is used because of its insensitivity to duty cycle on both 
the agnal and comparator inputs. The VCO output is fed 



into the clock input of FFI which divides the VCO 
frequency by two. During the ON intervals, the PLL Hacks 
the differentiated signal (B); during the OFF intervals the 
PLL renwmbers the last frequency present and still provides 
a clock output. The VCO output is inverted and fed into the 
clock input of FF2 whose data input is the inverted output 
of FFI. FF2 provides the necessary phase shift in signal (C) 
to obtain signal (D), the recovered clock signal from the 
split-phase data transmission. The output of FF3, (E), is the 
recovered binary information fiom the phase information 
contained in the split-phase data Initial synchronization or 
this PLL system is accomplished by a string of alternating O's 
and I's that precede the data transmission. 

Phase- Locked- Loop Lock Detection 

In some applications that utilize a PLL, it is sometimes 
necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms of lock-condition indicator is 
a binary signal. For example, a 1 or a output from a 
lock -detection circuit would correspond to a locked or 
unlocked condition, respectively. This signal could, in turn, 
activate circuitry utilizing a locked PLL signal. This detection 
could also be used in frequency-shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either of two discretc 
input frequencies, one corresponding to a digital I and the 
other to a digital 0. 

Fig. 15 shows a lock-detection scheme for the COS/MOS 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and 10 kHz. The PLL system uses 




Fig. 19— Lock-detection circuit. 

phase-corn para lot II; the VCO bandwidth is set up for an 
fmin "** q -5 kHz and an r max of 10.5 kHz. Therefore, the 
PLL locks and unlocks on the 10-kHz and 20-kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator I is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs, the phase-pulses output 
(terminal 1) is high except lor some very small pulses 
icsulling from the same phase difference. This low condition 
of phase comparator t is delected by the lock-detection 
circuit shown in Fig. 15. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10 kHz. It can be seen that after about five input cycles the 
lock detection signal goes high. 
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Fig. 16- Lock detect 
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